The S. cerevisiae Mag1 3-methyladenine DNA glycosylase modulates susceptibility to homologous recombination.
DNA glycosylases, such as the Mag1 3-methyladenine (3MeA) DNA glycosylase, initiate the base excision repair (BER) pathway by removing damaged bases to create abasic apurinic/apyrimidinic (AP) sites that are subsequently repaired by downstream BER enzymes. Although unrepaired base damage may be mutagenic or recombinogenic, BER intermediates (e.g. AP sites and strand breaks) may also be problematic. To investigate the molecular basis for methylation-induced homologous recombination events in Saccharomyces cerevisiae, spontaneous and methylation-induced recombination were studied in strains with varied MAG1 expression levels. We show that cells lacking Mag1 have increased susceptibility to methylation-induced recombination, and that disruption of nucleotide excision repair (NER; rad4) in mag1 cells increases cellular susceptibility to these events. Furthermore, expression of Escherichia coli Tag 3MeA DNA glycosylase suppresses recombination events, providing strong evidence that unrepaired 3MeA lesions induce recombination. Disruption of REV3 (required for polymerase zeta (Pol zeta)) in mag1 rad4 cells causes increased susceptibility to methylation-induced toxicity and recombination, suggesting that Pol zeta can replicate past 3MeAs. However, at subtoxic levels of methylation damage, disruption of REV3 suppresses methylation-induced recombination, indicating that the effects of Pol zeta on recombination are highly dose-dependent. We also show that overproduction of Mag1 can increase the levels of spontaneous recombination, presumably due to increased levels of BER intermediates. However, additional APN1 endonuclease expression or disruption of REV3 does not affect MAG1-induced recombination, suggesting that downstream BER intermediates (e.g. single strand breaks) are responsible for MAG1-induced recombination, rather than uncleaved AP sites. Thus, too little Mag1 sensitizes cells to methylation-induced recombination, while too much Mag1 can put cells at risk of recombination induced by single strand breaks formed during BER.